through plate. This allows all ground potential electronics to be outside the pressure vessel for easy access.
Real Time Controls
Precise timing of Xe gas pulses and discharge electrode drive required two dedicated fiberoptic links. These links transmit on/off type commands. Optical receivers in the HV terminal control electronic switching of appropriate power supplies (see Fig. 1 ). Power supply output levels are controlled by digital stepping motors which are discussed later. essentially limits incremental changes of power supply output to 0.7 percent of maximum.
To fully utilize stepper motor precision, the power supplies could be controlled with electronic regulators. Then, ten-turn precision potentiometers could be utilized for regulator control. Stepper motors would be fitted with ten-to-one gearbox reduction and used to rotate the potentiometers. This configuration gives an incremental position accuracy of 0.042 percent over the potentiometers ten-turn range.
These stepper motors offer high-holding torque which eliminates coasting effects.
A single integrated circuit package3 is available for driving the motors. Interfacing to the driver is easy, as TTL level pulses control both shaft speed and direction. Four sixteen-channel multiplexers are utilized to control stepper motors and send ion source parameter data to the operator. Figure 2 shows the basic multiplexing system employed. The synchronizing clock runs at 1250 Hz which allows each multiplexer port to be addressed every 12.8 ms.
At this rate, the stepper motors rotate fast enough to run a vari ac to ful l output in 20.3 seconds. Ion source data, multiplexed and transmitted to the operator at the stated clockrate, gives instantaneous response to power supply changes for smooth digital readout response. Figure 2 shows the basic control and monitoring system.
Multiplex System
Sixteen channel multiplexers/demultiplexers are used in synchronous operation for stepper motor up-link commands and ion source parameter down-link data transmission. Synchronization is comprised of four BCD clock lines that are transmitted to the HV terminal using fiberoptics. The system diagram is simplified in that the ion source and associated power supplies are not shown. Instead, one stepper motor and power supply are presented. The basic technique of measuring steady state and pulsed parameters is given.
Pushing the "raise" button for stepper motor #1 causes a pulse train to be transmitted and appear at port #0 at the HV terminal demultiplexer. The first pulse to appear sets a flip-flop that determines direction of motor rotation. The motor continues to step at the multiplexing rate until the button is released. Pushing the "lower" button results in port #1 ouput clearing the flip-flop making the motor run in reverse. This system allows fine adjustment of power supplies as the motors can be single stepped with no coasting problems. All critical dc voltages and currents are scaled and applied to the 7506 analog multiplexer for frequency conversion and transmission back to the operator. Pulsed parameters are applied to follow-andhold amplifiers which are updated during each beam pulse.
The follow-and-hold amplifiers are triggered to update from either the Xe gas pulse, or source discharge pulse optical receivers (see Fig. 1 ).. Trigger pulses derived from these optical receivers are delayed an appropriate amount to insure the pulsed parameter is stabilized before holding the data. Follow-and-hold amplifier data is applied to the 7506 down-link multiplexer inputs. Multiplexer inputs are scanned and applied to a precision voltage-to-frequency converter.
Step input settling time of a voltage-to-frequency converter is inversely proportional to the lowest frequency in the transition. In this system, only positive voltages are considered so the lowest converter frequency occurs at zero volts. The minimum frequency was chosen to be 10 kHz. Dynamic range is reduced because of the offset, but it is crucial that the frequency conversion be completed during the system clock pulse width of 0.80 ms.
The multiplexed, frequency modulated pulse train drives an optical emitter for transmission through the "data down-link" fiberoptic cable. In the control room the signal is converted back to voltage levels and demultiplexed. The 4706 frequency-to-voltage converter is adjusted to cancel out the 10 kHz frequency offset discussed earlier. Demultiplexed source data is stored in follow and hold amplifiers which drive digital readout displays. These amplifiers are addressed in synchronism with the system clock.
Spark Protection
Up to 500 J of stored energy is dissipated when high voltage breakdown occurs. Peak currents flowing through the HV terminal during breakdown are a function of spark duration, but certainly run 5,000 to 10,000 A. Inside the HV terminal, where delicate electronics are housed, discharge current path inductance can develop thousands of volts. Clearly, a single ground point inside the HV enclosure must be established to avoid differential ground transients.
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